A new method of disinfection adapted for endoscopic instruments uses low temperature steam at 80°C or steam and formaldehyde at 80°C. The process has considerable advantages over existing methods and more closely approaches the ideal requirements.
Introduction
The various methods of disinfection at present used for endoscopic instruments include immersion in an antiseptic solution (Miller et al., 1960) , pasteurization in water (Francis, 1959) , exposure to formalin vapour in a cabinet, and exposure to ethylene oxide. Though certain endoscopes are able to withstand autoclaving, this method cannot be used for all parts of the endoscope or for children's instruments. None of these methods combine a time cycle rapid enough for ready availability and at the same time allow for prepacking.
The use of low-temperature steam at 80°C was developed for the purpose of disinfecting heat-sensitive hospital equipment (Alder and Gillespie, 1961) , and the method was first used for the disinfection of woollen blankets (Alder and Leitch, 1963) . Since 1964 the use of steam only or steam with formaldehyde at 80°C has been successfully employed for the disinfection of endoscopic instruments in the United Bristol Hospitals (Mitchell, 1970; Mitchell and Alder, 1970) This paper describes the apparatus and the method of operating the disinfector. The bacteriological test methods developed in order to evaluate the efficiency of this new method of disinfection are discussed.
Materials and Methods
Low-temperature Steam and Formaldehyde Disinfection.-The principle of the method is based on the fact that if steam or a steam formaldehyde mixture is admitted to a previously evacuated chamber the temperature of the steam (being dependent on its pressure inside the chamber) can be accurately maintained by the simple process of controlling the pressure. Thus the optimum temperature required to obtain the maximum bactericidal effect with minimum damage to instruments was found to be 80°C (Fig. 1) .
A diagram of the apparatus originally developed in Bristol is shown in Fig. 2 . It was modified for low-temperature steam disinfection from a standard high-pressure autoclave. The apparatus consisted of a horizontal, rectangular, jacketed autoclave, 71 litres (2-5 cubic feet) capacity, to which was fitted a valve for controlling the steam pressure at 355 mm Hg, a formaldehyde generator, and a high-vacuum pump. The jacket temperature was maintained at 90°C; while the chamber was maintained at 80°C; there is no risk of damaging packaged instruments by superheat from the jacket during disinfection.
Endoscopes.-The instruments used were of British, German, and American manufacture. Children's endoscopes, fibreillumiated telescopes, and cables were also subjected to the disinfecting process.
Packaged Method.-The endoscopes, complete with electric light bulbs, leads, and switches are packaged in layers of plastic foam shaped to the parts of the instrument and then enclosed in a cardboard box (Fig. 3) . In this way, after disinfection, the instruments can be conveniently and safely stored for subsequent usage. The cardboard boxes themselves, when received from the manufacturers, should be subjected to a high-temperature autoclaving process (134°C). This single treatment eliminates bituminous products from the cardboard, which might otherwise be deposited on the surface of the endoscopes. (Miller et al., 1960 (Williams et al., 1966) , and despite careful rinsing and wiping particles of formalin are retained on the surface and irritate the mucous membrane of the patient and conjunctivae of the operator. In addition, objections have been raised about the use of formaldehyde for sterilizing electrical equipment, as the breakdown products methanol and formic acid erode the electrical connexions (Opfell and Miller, 1965) . In contrast, after steam and formaldehyde disinfection at 80°C only minute quantities of formalin in the order of 4-8 parts per million remain on rubber and polyethylene (Gibson et al., 1968) . On the metal of endoscopic instruments the quantities are neglible as there is no absorption of gases, and after numerous applications of steam and formaldehyde at 80°C the electrical connexions of the endoscopes have suffered no apparent damage.
Exposure to ethylene oxide gas, a method of sterilization extensively used in America, but of relatively limited acceptance in this country, is a method which also depends greatly on thorough cleansing of the instrument before exposure. There are also difficulties in controlling the critical level of humidity (Kelsey, 1961 (Kelsey, , 1963 . In tests carried out by one of us (V.G.A.) to compare the speed of efficiency of ethylene oxide gas sterilization at 56°C for two hours, B. stearothermophilus spores dried from serum and saline suspensions survived after exposure to the gas, whereas similar spore culture preparations exposed to steam and formaldehyde gas at 80°C for two hours were consistently killed. Also in a two-hour exposure period ethylene oxide gas failed to kill vegetative cells entrapped between the threads of a nut and bolt, whereas sufficient heat from the steam at 80°C was conducted through the metal to kill the same organisms within five minutes. Exposure to ethylene oxide gas is not practical for routine purposes in the operating theatre during a cystoscopy list owing to the comparative slowness of the method. In a routine list of cystoscopies the same type of instrument can be used repeatedly if the method of sterilization is rapid enough.
DISINFECTION BY HEAT
The most effective method of sterilizing any instrument is by heat, but not all modem instruments can be subjected to autoclaving. Pasteurization, recommended by Francis (1959) , is widely used and does not subject the telescope to the violent agitation from the bubbles of boiling water. The time cycle from dirty trolley to clean trolley (not less than 25 minutes in practice) is acceptable, but the instrument is wet and cannot be stored in a disinfected condition.
Ideally any method of sterilization for endoscopic instruments must be reliably bactericidal and avoid chemical or heat trauma to the instrument. The method should have a rapid time cycle and be standard for all parts of the instrument. Preferably it should allow prepacking of the instruments in a sterile state for safe storage, transport, and ready availability. It is an advantage if the method is economical and easy to operate and control.
Disinfection of endoscopic instruments by subatmospheric steam combines all of these advantages. We employ the longer steam and formaldehyde process because of its sporicidal properties for the disinfection of instruments at the end of an operating list. The Introduction Selective in-vivo staining of the parathyroid glands by intravenous and intra-arterial administration of toluidine blue was first described in dogs (Klopper and Moe, 1966; Hurvitz et al., 1967) and later in rats and man (Hurvitz et al., 1968; Keaveny and FitzGerald, 1968; Keaveny et al., 1969; Yeager and Krementz, 1969) . The enthusiasm of these workers and others (Professor Volker Bay, personal communication, 1970) encouraged me to attempt this method to avoid the frustration of prolonged searching for parathyroid adenomata. The withdrawal of toluidine blue from general use led to a search for an alternative dyestuff.
Experience in patients treated in this centre for methaemoglobinaemia with methylene blue suggested that this dye might be a reasonable and safe substitute, and this expectation has been fulfilled.
Radcle Infirmary, Oxford OX2 6HE N. E. DUDLEY, F.R.C.S., F.RLC.S.ED., Senior Surgical Registrar Patients and Method Methylthionine chloride: tetramethylthionine chloride (methylene blue injection 1%, Harvey Laboratories, Philadelphia) was administered at a calculated dose of 5 mg/kg body weight in 500 ml of 5% glucose and 1/5 normal saline. This volume of solution was found to give maximal staining of the parathyroids when infused intravenously for one hour before exposure of the neck. Seven patients with a variety of thyroid disorders, nine with suspected parathyroid tumours, and one with parathyroid hyperplasia were investigated. Where parathyroid adenomata were suspected exploration of the neck was carried out systematically in a manner similar to that proposed by Cope (1941) . In the control group with thyroid disease, where surgery was sometimes difficult, it was not always considered justifiable to prolong the search for the parathyroids if they were not immediately obvious. Identification of all stained glands was verified by biopsy and immediate frozen section and later by paraffin block histological examination. Blood pressure, pulse, respiration, temperature, and E.C.G. were recorded before, during, and after operation. Serum calcium levels were measured before surgery and one week postoperatively to confirm that no adenomata had been missed or that any patient had been rendered hypoparathyroid.
Results
Intravenous administration of methylene blue resulted in staining of both normal and abnormal parathyroid glands. The total experience would seem at first to indicate that the method might not be helpful in that 68 parathyroid glands were looked for and 41 found and confirmed. However, the Table shows that experience of the technique and better timing of the infusion led to a progressive improvement in identification. All patients who were considered on clinical and biochemical grounds to have an adenoma had one readily displayed by this technique. The nine instances of adenomata were identified and confirmed histologically within 30 minutes of exposure compared with a previous mean of two hours before the adoption of this technique. In the last six cases as set out in the Table it will be seen that the identification of the glands became much simpler. In Case 13 a very large adenoma was found which had probably caused a pronounced hypoplasia of the remaining glands.
I have found that the colour of the parathyroids progressively increases in intensity after infusion of the dye up to one hour and seems to last for 20 minutes before diminishing in intensity over the next two and a half hours. The normal parathyroids
